An inventory has been made of the decapod fauna of the Glorieuses Islands, western Indian Ocean (WIO), following the BIORECIE 2 Expedition to the Islands, 5-17 December 2012. Field data are complemented by a review of taxonomic studies for these islands. Overall 157 species are now reported from the Glorieuses Islands, including 61 new records. The presence of the coconut crab, Birgus latro, is confirmed from these Islands, for the first time since 1884, and the WIO distribution of this endangered species is updated, based on observations made in the region since 2006.
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Crustacea Decapoda of Glorieuses Islands, with notes on the distribution of the coconut crab (Birgus latro) in the western Indian Ocean 
I N T R O D U C T I O N
The Glorieuses Islands, with Europa, Bassas da Indian, Juan de Nova, and Tromelin belong to the Scattered Islands in the Indian Ocean administered by the French Terres Australes et Antarctiques Françaises (TAAF). It is a small archipelago, about 7 km 2 in area, located at 11835 ′ S 47818 ′ E, 222 km from Nosy-Bé, in the north of Madagascar, and 253 km from Mayotte ( Figure 1 ). Caceres (2003) has given a detailed historical account of this archipelago including its discovery, political status, geomorphology and natural history.
The archipelago is composed of two main islands. Grande Glorieuse, the largest, is sub-circular and has a maximum diameter of 2.3 km. Ile du Lys is much smaller and 0.6 km in length (Figure 1 ). These two islands are separated by 10 km of shallow reefs. There are also two groups of islets, the Ile aux Crabes, in the south of Grande Glorieuse, and the Roches Vertes, between the two main islands. A military detachment is stationed permanently on Grande Glorieuse and there is an airstrip for services supply and staff turnover. Grande Glorieuse is mostly occupied by a dense forest of coconut trees, crossed by a network of footpaths ( Figure 2 ). There are neither rivers nor a lagoon but there is a small salty marsh that is flooded at high tide only. The sand beaches around the island are used as nesting grounds for sea turtles (Chelonia mydas). Ile du Lys is a rocky island with reduced vegetation coverage. It is colonized by seabirds (Anous stolidus and Sterna fuscata) so numerous during this study that it was difficult to explore the interior of the island. A central marshy depression, linked to the sea by a narrow passage in the north of the island, is flooded at high tide.
The fauna and flora of the archipelago are protected by the TAAF. In Grande Glorieuse, with a permanent military detachment, the anthropogenic influence is strictly controlled, but illegal visits by foreign fishermen are still regularly noted at the Ile du Lys.
Terres Australes et Antarctiques Françaises is strongly committed to making the Scattered Islands a Marine Protected Area. To this end several studies have been undertaken in a research program called Biodiversité, ressources et conservation des récifs coralliens des Iles Eparses (BIORECIE, 2011 (BIORECIE, -2013 which aims to update the inventories of the fauna and flora of these islands. The study presented herein is a part of this BIORECIE programme. It focuses on the results obtained for the Crustacea Decapoda during the BIORECIE 2 Expedition to the Glorieuses Islands, 5-17 December 2012. Field data are complemented by a review of the taxonomic studies for these islands, published between 1884 and 2006, with an updated list of the species presented for the Glorieuses Islands. A comparison is made with the results obtained in the Mozambique Channel for Europa Island after the BIORECIE 1 Expedition, 7 -12 November 2011 . Special attention is paid to the coconut (or robber) crab, Birgus latro (Linnaeus, 1767) as this is an endangered species very vulnerable to human predation. Its presence in the Glorieuse Islands is confirmed herein, for the first time since 1882, and its distribution in the western Indian Ocean (WIO) is updated based on recent observations made in the region between 2006 and 2013.
M A T E R I A L S A N D M E T H O D S
The Crustacea Decapoda were collected by hand at low tide, in the intertidal zone and by snorkelling in 1-2 m, in 15 reef stations (see Figure 1 : R22 -23 and R27 -39) and Table 1 . There were also 12 outer reef stations investigated by SCUBA diving (D1 -12) ranging from 0.5 -13 m in depth (Figure 1 ). Land Crustacea were investigated in Grande Glorieuse over eight nights, between 10 and 12 pm, in five areas identified on Figure 2 (A1 -A5) with A2 visited twice and A3 visited three times. The Ile du Lys was also prospected during one night (9 -12 pm, on 13 December). Crustacea samples were limited to species not identifiable in the field. Overall the collection represents 58 samples that are deposited and registered in the Muséum national d'Histoire naturelle, Paris (MNHN). Almost all the species have been photographed with their live coloration with photographs made available online by Legall & Poupin at http://crustiesfroverseas.free.fr/glorieuses.php.
Abbreviations used for this work are: coll., collected by; F, female; juv., juvenile; M, male; ov., ovigerous; spec./specs, specimen/s; st., Station.
R E S U L T S A N D D I S C U S S I O N

Historical overview
Before this study, 96 species of Decapoda were reported from the Glorieuses Islands. The oldest records are those of Coppinger (1884) and Miers (1884) after the visit of the British HMS 'Alert', in 1882. These authors report 7 common species, including the coconut crab, Birgus latro (Linnaeus, 1767 Bruce (1978) ; Galatheidae in Baba (1990) , Porcellanidae in Haig (1966) , Haig & Kropp (1987) ; Dromiidae in Lewinsohn (1984) ; Dynomenidae in McLay (1999) ; Calappidae in Galil (1997) ; Carpiliidae, Eriphiidae, Oziidae and Pseudoziidae in Crosnier (1984) ; Parthenopidae in Tan & Ng (2007) ; Portunidae in , Crosnier & Thomassin (1975) ; Trapeziidae in ; Xanthidae in Serène (1984) ; and Grapsidae in .
In 1977 several deep stations of an expedition called BENTHEDI were investigated off the Glorieuses Islands between 30 and 3000+ m. Nine species of Decapoda have been found in the taxonomic literature as a result of this cruise: 1 Penaeidae in Crosnier (1991) ; 1 Sicyoniidae in Crosnier (1985) ; 1 Crangonidae in Komai (2008) Islands. The rest of the BIOTAS collections, deposited in the University of La Réunion and the Florida Museum of Natural History, Gainesville, were not available for this study. However, the photographs taken during BIOTAS were obtained and carefully examined. Based on these, 7 new records can be confidently added to the Glorieuses Islands fauna (indicated by 'BIOTAS photograph[s] ' in the list of species in the Appendix). The number of species by family is summarized in Table 2 . For comparison purposes results already obtained for Europa Island in the Mozambique Channel are also indicated. Overall the two places appear to have a similar fauna. The few discrepancies observed in Table 2 (e.g. Alpheoidea, Dromioidea, etc) are not considered significant and can be attributed to either chance, or differing sampling efforts. Also, deep water taxa, such as species of Parapaguridae and Pylochelidae, were not targeted around Europa while they were around the Glorieuses Islands. The single difference that seems to make sense in Table 2 is the absence in the Glorieuses Islands of crabs in the families Sesarmidae and Ocypodidae (genus Uca). These species depend on the mudflats and mangroves of Europa Island, but such habitats are absent around the Glorieuses Islands.
Updated inventory, with geographical considerations
Most of the species found in the Glorieuses Islands are widespread in the Indo-West Pacific. Among the new records noted in this study, geographical ranges are noticeably extended for two species. Nursia mimetica Nobili, 1906 is a small leucosiid crab that was until recently known only from French Polynesia. Poupin (2009) recorded it from La Réunion, and the additional specimen reported herein from the Glorieuses Islands confirms its presence in the WIO. The xanthid crab Paramedaeus octogesimus Ng & Clark, Although it is probable that the ubiquitous Geograpsus crinipes occurs also in Grande Glorieuse, it seems that the land crab Cardisoma carnifex has settled only in the small Ile du Lys where it takes advantage of the central marshy depression to dig its burrows. Many individuals were observed there at night, feeding on dead chicken, at the periphery of the seabird colonies. The coconut crab, Birgus latro, has now been recollected from the Glorieuses Islands, for the first time, since the first observation and collection made at the Ile du Lys in 1882 during the voyage of the HMS 'Alert' (Coppinger, 1884; Miers, 1884) , with an adult female deposited in the collections of the British Museum. Bouchard et al. (2013) reported seeing the species from Glorieuses in 2011, but this record is based on photographs only. They also indicated its presence in Juan de Nova, Mozambique Channel, based on a personal communication by Jean Hivert. Both records are confirmed herein based on the field observations made at Grande Glorieuse during BIORECIE 2 and a new report made at Juan de Nova in March 2013, again shared by Jean Hivert (personal communication).
The coconut crab is not common in Grande Glorieuse. After 8 nights of searching (10 -12 pm), in 5 distinct areas (Figure 2) , only 4 coconut crabs were found, including 1 ovigerous female. These were seen at a single site, near a small swamp, indicated by the black spot inside the A3 area (Figure 2 , at 11834.767 ′ S 47817.779 ′ E). According to Jean Nordlund & Walther (2010) mentioned 'without any doubt' more than 280 adult coconut crabs in Chumbe Island, a private nature reserve. Nocturnal searches of the small Ile du Lys failed to find any coconut crab although the specimen collected in 1882 was from this island (Coppinger, 1884; Miers, 1884) . As camps belonging to illegal fishermen were observed on the Ile du Lys during BIORECIE 2, it is probable that human predation on this small island is responsible for its disappearance there. On the contrary, the presence of a military detachment that prevents illegal fishing in the waters off Grande Glorieuse also provides good protection for the coconut crab on that island.
The coconut crab is an endangered species with populations declining throughout its geographical range, and as it is esteemed as food it is particularly vulnerable to human predation. Birgus latro was listed as globally vulnerable in 1981 under the International Union for Conservation of Nature (IUCN) Red List, and although this was downgraded in 1996 to the 'data deficient' category, this was not because populations were known to have recovered, but simply because it was recognized there was insufficient good data for decision making. Its geographical distribution in the Indo-West Pacific is shown in Drew et al. (2010, figure 1a , table A1). The results of the BIORECIE programme, complemented by investigations in the Seychelles by the Island Conservation Society (ICS), between 2006 and 2013, allow the distribution of this species in the WIO to be more precisely defined (Table 3 ; Figure 4 ). The western limit of distribution is Chumbe Island, a private nature reserve off Zanzibar, Tanzania, where the crab is abundant. Birgus latro has sometimes been reported from the African mainland (Reyne, 1939) ; however, it now appears to be extinct there (see Reay & Haig, 1999; Nordlund & Walther, 2010) . Drew et al. (2010, table A1) presumed that despite no published records that the species still exists on the Mayotte and Comoros Islands; however, Bouchard et al. (2013) did not find it on Mayotte in 2009, despite several inquiries and field investigations. It is therefore probable that Birgus latro is not present in Mayotte nor in the nearby Comoros (Grande Comore, Anjouan and Mohéli) and if they were ever present, then they have long-since been taken as food by the impoverished local human population. In the Scattered Islands visited during the BIORECIE programme the coconut crab was not found in Europa or in the Ile du Lys, but it is present in Juan de Nova and Grande Glorieuse. In the Seychelles, the coconut crab has been over-hunted for food on the granitic islands and inhabited outer islands. Inquiries made by the ICS (see also Bowler, 1999) indicate that the presence of Birgus latro has now been restricted to et al., 2013) , Alphonse (Duhec, 2011) , Bijoutier (1 specimen seen in 2012), and is regularly observed on Coetivy (3 specimens seen in 2010), Assumption, Cosmoledo, Astove, and Farquhar (confirmed in 2012). There is a high probability that they occur in small numbers on Providence and St François but this has not been confirmed. Only Aldabra Atoll, a UNESCO world heritage site, still supports an abundant population of coconut crabs estimated at more than one thousand individuals. In the Agalega Islands (Mauritius Republic) the coconut crab was reported by Haig (1984) but its presence can no longer be confirmed (M.K. Rossan, personal communication). As these are populated islands it may have now become extinct there because of human predation. The crab was reported from Mauritius in 1836 by Darwin (1909) in his narration of the voyage of the 'Beagle' but even then he noted that the species was declining. It is now considered extinct there. It is perhaps important to note that the very low incidence of Birgus latro on the islands of the WIO does not necessarily mean that there are still viable populations across most of this area. These animals are slow growing and known to live for at least 40-50 years. Such longlived species, that most likely have only low and sporadic recruitment, are potentially at great survival risk, and need careful management. Islands such as Aldabra Atoll, where there are still significant populations, are thus crucial reservoirs for repopulating other suitable islands in the WIO. Europa Island (22821 ′ S) lying to the south of the Mozambique Channel would appear at first to be a suitable refuge for Birgus latro, especially as it is permanently protected from human predation by a French military detachment. However, it has never been reported from there and searches over several nights during the BIORECIE 1 Expedition proved to be in vain . The pelagic larval development at sea of the coconut crab takes 3-4 weeks (Reese & Kinzie, 1968) . As it is present in Juan de Nova, 640 km to the north of Europa, crabs on Juan de Nova would be a potential source of recruitment for Europa. In the Mozambique Channel the currents consist of mesoscale anticyclonic and cyclonic eddies (Heileman et al., 2009; Ridderinkhof et al., 2010) . These eddies can be equally responsible for retaining larvae close to their source over extended periods of time, or conversely, promoting rapid southward drift along corridors formed by the succession of cyclonic and anticyclonic eddies (Hancke et al., 2011; J.F. Ternon, personal communication) . The most likely explanation for the absence of Birgus latro on Europa Island is that the time taken for oceanic dispersal of larvae between Juan de Nova and Europa is probably far longer than the 4 week larval development phase, and thus recruitment so far south is not successful.
The programme BIORECIE is part of the projects that were selected through a tender 'Iles Eparses' led by the Centre National de la Recherche Scientifique, Institut Écologie et Environnement (CNRS-INEE) with financial support from the Institut National des Sciences de l'Univers (INSU), the Institut de Recherche pour le Développement (IRD), the Agence des Aires Marines Protégées (AAMP), the Fondation pour la Recherche sur la Biodiversité (FRB), and the TAAF, also co-funded by the foundation 'Veolia Environnement'. Military stationed at the Glorieuses Islands provided accommodation, food, and help for travel across the Island and research at night for the coconut crab. All members of the sailboat 'Antsiva', chartered for the BIORECIE 2 Expedition, have greatly contributed to this study and we wish to address them our warmest thanks: SCUBA divers, Bigot Lionel, Durville Patrick, Fournier Martine, Magalon Hélène, Mattio Lydiane and Mulocheau Thierry; captain and crew of the 'Antsiva' boat, Tisné, Anne and Nicolas, Miradjy Saïd, and Tombo Raymond. Jean Hivert, a botanist from La Réunion who visits regularly the Scattered Islands for his research has shared very useful information on the presence of Birgus latro at Juan de Nova. The ICS staff, IDC (Island Development Company) staff and Seychelles residents, Jeanne Mortimer, Cyrus Dugasse, Dias Balette, Jean-Baptiste Toussaint, George Berrarie, and Michel Delorie have helped by providing valuable information for the distribution of the coconut crab in the Seychelles. Chantal Conand and the Chumbe natural reserve staff have drawn our attention to recent data for the coconut crab in this reserve. Jean-François Ternon (IRD) and Herman Ridderinkhof, physical oceanographers, have shared data and comments on the current system prevailing in the Mozambique Channel. Arthur Anker and Enrique Macpherson have helped to identify, respectively, the Alpheidae and the Galatheidae. In the Muséum national d'Histoire naturelle, MNHN, Paris, the help of Rachid Kebir, Anouchka Sato, and Paula Martin Lefèvre was greatly appreciated to properly label and register the crustacean samples deposited in this collection. Correspondence should be addressed to:
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